ABSTRACT: Burj Khalifa, a skyscraper in Dubai, UAE, is the tallest man-made structure in the world. Its height reaches 828m but the taller super skyscrapers over 1 km have already been proposed. Tower crane is the key member for building such skyscrapers, which hoists heavy materials from the ground to the top of the construction site. The higher the building rises up, the longer hoist rope is needed and the weight of the rope gives burdens to the tower crane. The steel hoist rope, which was used for Burj Khalifa, weighs 6.32 kg/m and the total weight exceeds 5 tons when the crane climbs up to 800m.
INTRODUCTION
It cannot be a solution to increase simply the mechanical capacity of the crane because it would result in the heavier body of the crane and also the thicker structure of the building suspending the cranes. It directly leads to a drop in profitability of the building construction.
Very simple and innovative method to improve the performance of the crane avoiding the above problems is the reducing weight of the hoist rope of the crane, since the weight of the hoist rope besides construction materials also puts a burden to the crane. The tower crane with 25 ton capacity used in construction of Burj Khalifa can lift full of its capacity at the nearest working radius but it can lift only 8 ton at the far radius of 52.5 m [1] . So it can lift only 2.7 ton of construction material except 5.7 ton of the steel hoist rope and the hook assuming the tower crane is at a height of 800 m. Therefore the construction of super skyscraper of 1 mile height by this crane will be tough work.
The weight of the hoist rope could be dropped drastically by replacing steel with super fiber. Super fiber refers the fiber out of common shows exceptionally high strength and elasticity.
The idea of ultra lightweight hoist rope made of super fiber is first proposed in 2007. The survey on super fibers was carried out for a year and UHMWPE (Ultra High Molecular Weight Polyethylene) fiber was finally selected as rope material because it is one of the toughest super fibers and its specific gravity is very low. The developed ultra lightweight hoist rope weighs about one eighth of conventional steel rope although it has the same strength. The first prototype sample was fabricated and tested at the construction site of Burj Khalifa in 2009. It was found that the fiber rope is sometimes wound up improperly on the winch drum because it has less lateral rigidity than a steel rope. Research was carried out to improve the lateral rigidity of the fiber rope and the second prototype was fabricated through several samples and tests. The winding up test of the second prototype was performed after the bending fatigue test. It was found that the feature of the second prototype was improved from the test.
SUPER FIBER
Super fiber shows extremely high strength compared to common fibers for clothes such as nylon or polyester [2] . It is mainly used as reinforcement for structural material these days, so that it is usually classified in high-tech industrial material other than fiber. The applications are aerospace, military, automobile, bicycle, sports, electronics, telecommunication, civil, construction and so on. water. The ratio of strength to weight is the best among super fibers so that it was selected as material of the ultra lightweight hoist rope. And also it shows several merits of high shock resistance, high abrasion resistance, high anticorrosion and low friction but the melting point is lower than other super fibers.
The UHMWPE fiber used for the ultra lightweight hoist rope is Dyneema, which is the brand of fiber manufacturer, Royal DSM N.V. in Nerherland. DSM has the world's first patent on UHMWPE fiber and first started to produce it in 1990. The joint developer of the ultra lightweight hoist rope is DSR Corporation in Pusan Korea, which is one of major manufacturer of fiber ropes made of Dyneema.
ULTRA LIGHTWEIGHT HOIST ROPE
The ultra lightweight hoist rope made of Dyneema weighs about 1/8 of a conventional steel rope while the tensile strength is the same. The elongation before failure is about 4% and the elastic energy is extremely low. So it does not whip when it breaks while a steel rope does and it can cause a fatal accident. Dyneema is chemically stable and has high UV resistance so its properties are rarely affected by sunlight. The abrasion resistance and the low coefficient of friction also assure a long life of the rope.
First Prototype
The first prototype of the fiber rope consists of 7 sub-ropes laid on parallel and they are covered by a protecting jacket as shown in Fig. 2 . Each sub-rope is made by braiding 12 strands of basic fiber rope.
The aim of the first prototype was the tensile strength of 130 ton and the diameter of 36 mm which are the specifications of the steel hoist rope of the tower crane used in construction of Burj Khalifa. The tensile strength of the prototype is 115 ton and the diameter is 36.7 mm.
The weight is 82 kg per 100 m while the steel rope's weight is 632 kg.
The fabricated rope was tested at the construction site of Burj Khalifa. The rope was installed at a 25 ton tower crane and it repeated winding up and reeling out the fiber rope while the load acts 5.2 ton on the rope. The test items were proper winding up on the drum, problems of high speed winding up, friction between the rope and sheaves, rotation of the rope, sway of the rope by wind, and so on.
It was observed that the rope was not wound up properly after repetition of winding up and reeling out as shown in Crane setup for the winding up test The drum was modified for the rope to be wound up several layers on the drum as shown in Fig. 7 .
The test load for the rope was varied from 0.3 ton to 10.2 ton and also the winding speed was also varied up to the maximum. The change of the diameter and the length were measured after every 10 times of loading.
3.3 ton tension made the length of the rope become longer by about 0.5 % but it was recovered directly within 0.02% elongation after unloading. The more repetition of loading and the larger tension exerted on the rope, the larger change of the diameter was made. The impactive increase of the load also deteriorates the shape of rope section. But the winding speed is not so influential in the deformation.
As expected, no deformation was observed at the portion which was not wound up on the drum but the lower layer of the rope experienced the more deformation of the section. Fig. 8 shows the trend of deformation with respect to layers. The eccentricity means the ratio of major and minor diameters, and 0 corresponds to a perfect circle. So we can naturally conclude that the direct cause of the deformation is the lateral compression on the drum brought by the tension of the upper layer rope.
The first prototype was also tested under the same conditions to compare with the second prototype. The shape of the rope deformation is shown in Fig. 9 . It can be known that the deformation of the second prototype was greatly improved compared to the first one.
(a) First prototype (b) Second prototype Fig. 9 Deformation of the fiber rope after the test
CONCLUSION AND FUTURE WORK
The idea to increase load capacity of a tower crane for construction of a super skyscraper such as 1 km or 1 mile high building was proposed. It is the ultra lightweight hoist rope made up of UHMWPE super fiber, which has the weight of about one eighth of a steel rope. Two prototypes for the fiber hoist rope were fabricated and tested. The winding up test have shown that the rigidity of the second prototype was improved by inserting a nylon bar into each strand and the center of the rope. It is still needed to enhance the rigidity for practical application and development will be continued for commercialization.
And also another approach will be studied to utilize the pliable characteristics of the fiber rope. It is adoptation of a traction winch, which is generally used for a vessel or maritime machinery due to the capability accommodating large tension and huge length of a rope. The mechanism of a traction winch can make a sufficient tension at the end of the winch while it can wind up a rope on the drum under very low tension. So it is expected to be suitable for a winch system for the fiber rope. 
